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Results of ultra口lowofrettuenCy magnetic ield measurements

Masatshi Hayakawが ,職 脚 suke Kawatel,01eg A.Motthanovl,and KiyohuIH Ymo的
2

during the Guarrl earthquake of 8 August 1993

Abstract. Vヽe report the resキltS Of metturemellts of
ultra‐low‐frequency magnetic nSiSe during alarge carth、
qllakc(Msr7.1)at Cuam of 8 August,1993(depth～
6011■).The uLF observing sャstem iS ioCated in tile
Gualll lsiand,about 65 km fISoIPl the cPicenter.Scveral

distillct features of tllis allalysis are Sulnmarized.(1)

Ne haVe prOposed rather sophiゃticated statisticAl anal―

ySeS(montilly mean,standarl deviatiOn)in order t。
estimate the waxre intensitt and polarization(i.e.rati。

Z/H).(2)A comparison betwe,n the ULI｀wave activ―
ity and EXP,is useflll in distinguiShing betwoen the

space geoinagnetic pulsatio■s ald・ 0・―SPaCe emiSSお ns.

ン (3)Thell,the llse of the ratiO(Z/H)iS fOund to be
Of essential inlPortancc in disⅢimating thc cmisslons
presumably of seismic origin■olu sPtte plttma wNcs
(4)The statistical all組ysis of Ⅲhe teinPortt evolution
of this ratio,hぉガeldetl that it shoWS a broad Hlaxi一
mun o■ly about one month beⅢre the earthquake,and
thiS Su8gests that the emission,during this perio(l are
very likely to be magnetic PrecirsorS,(5)The tempOral

variation ofZ componentis similar tO that for the Loma

Prieta earthquaにsuch that i,引110WS a broad maximllnl

ten dtts～twO Weeks before theicarthtuaxte alld another
increatseafew darS befOre the earthquれke.(6)Tlle einis,
sions presunlably associated witth the etartilquaXPe are of
noisc―likc nature,and their mttn fISeqtellcy is O.02～

005 Hz(with mttimum intensi守 ～0 1 1lT)・

IIltroduction

ElectromagneticPhenomenalnaWidefle(ェ llency range

缶om DC to HF have been FCCttgniZedぉ precursors to

黙靴温挙F1891rCttt縦盤収e盗々監i縄鮒轡
tcSnsive attentioll to the seislllゃgeniC enlissions ill the
comparati■rely higher freqllenciゃs‐ELF/VLF/LF rallge

and ttso to the DC electric a+d maglletic fleld vari伊

tions. Of cotlrse,the stlldies iコthese frequellcy rallges

are still being continuedいee耳軒akaHra and Fuiina■7a,

199J・          ‐
lt hars recently beell found tllat there have been ob―

served eartilquatt precursor signals in the ULF(f<

10HZ)range tKopytentt et組.1 1990i FrtterゃSIllith et
alⅢ 1990i Bernardi et dt,1991;Molclia■Ov et i 199刻.
The resuits by these allthors aro baSed On the ULF mag,
netic neld metturemollts for thl twO large earthqllakes

(Spitよ and Loma Prieta),ano M01Chanov et al.[199到

have conlpared the ULF characteristics fOr thesc earth‐

quakes,who have found malw slmilaritics bctweellthese
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two carthquatts. Though,Muellcr and Johnston(1990)

have not found a■y qllasi―steady magnetic neld changes

i n  t h e  f l・e q u e n c y  r a n g e  o f f < 1 0 ~ 3 H z f o r  t h e  L o m a  P r i e t a

carthquake. Since these ULF results nlay be a l〕roniis‐

ing candidate fOr short―term predictor of earthquates,

we arぐin a position that,we should acculllulate niore

anlount of convincil18 ULF sigllatllres of earthquakes

Recentitt XOpytenko et al(1994)htte prescnted addト

tiontt evidellce on the ULF signatures for nearby lllod―

erate earthquakes,but Frtter―Snith et al.(1994)h」e

follnd ■o large signals that couid be ttsociated witll

tile Northridge earthquakc(M=67)becauSe their mea‐

surements have been made at lolatiolls probably too

far froln the cPicenter for signals to be observed. Tlle

purpose of the present report is to provide nluch lllore
conndence oll the presencc Of【JLF precursor actiVity oll

the basis of the analysis resuits of ULF nla8netiC neld

nleasilrements for the G、LaHl earthquake.

Experilnental】 孔esults

On 8 Ausust,1993 at 8:34 UT a comparatively large

earthqua建 (MS=7.1)ocCurredい sudde■ly and without

any foresilock and aFtershock activity(with inagnitude

薔 猛 よ樹 糾 ten鑑 枕

e辞

齢 醇腎 撤c塩 溢 縄

(1298°N,144.80° E)and itS deptll was 60klll. At↓ lle

tinle of this eartllquate,【丁LF nlagnetic fleld nlctturc―

Hwnts were being carried out at the Gllalll obser、■(ory

鮮盟温脱出標持‐挽:禅と;理齢)、鑑品
located about 65 knl frona the epicentcr

The ULF ll■ agnetic neld measurenlellts were nlade

、vith a threぐ一か(is ring―core―type flux8ate lllagnetonIぐter

H′ith the data lo8ger systcnl alld a tillle siglla1 8ellera―

tOr Tlle three neld compollents(H(NS).D(Eヽ
r)alld

鮎難謂ユ蓋:群
ご
麟総c鷲熱総柑:繰路|

alyzable frequency lnust be abollt-04Hz Seeヽ
ウ
unloto

et組 .(1992)for n10re detttis of the metturing systelll_

The data for this report cover the interval flom l APril

to 30 0ctober 1993.

Our preliminary anatysis of the diurnal vahatibll of

ULF wave actiVity has revealed that the data at d4y arぐ

nlllch lllore variable than those at ili8ht as was found

by Sふto(1969),and SO We have chosen the midnight

period of 4 hours frolil L.T =22h to 2h(L.T,こ U.T.

+10h at Cuanl)for further det述 lGd analyses.Since tllぐ

time period covers tH′o sucCessive dttys ill L T.‐the date

lll the fouowilg discussion is deined as thc carlier d4)7,

The wavefornls of three neld conlpOnents during each

inter、d of 30 minlltes,are subjected to all FFT analy,

SiS(the ittueilcy resolution is 4.9x10~4Hz)、and the

data for one dtty consist of ei8ht frequcllcy spectra dilr―

i1lg such 30 nlin, inter、ds. i「he frequenぐy spectrulll of

tile intcnsiけ怖r eaCh 30 mill.illter弔d is conlPared With

tile mollthly average(lll)WhiCh is esti11lated itt usillg

ati the freqllency spectra ill the relevallt i1lonthゃ A150、

the slandard deviation(σ)is Sil111litalleOuslド苺tiinatod.
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F18 1 illustrates one typicaliexanll)le oll a particillar d4y

(8 June),and this is tlle flte,uency Spcctrum(for H COlil―

ponent)averaged by using ihe ei8ht spectra on this day.
The leve1 0 in the ngure me卜ns the nl。1lthis'郡erage(lll)

alld the dashed lines iェldicホe・ltt σ and lll―び. lVe See

fI・om this ngure that tile tt cOmp01lent is very intcnse

ill the frequency range lo判er than o,04 Hz and it e、アen

exceeds m+2 σ  in the frゃqllellcy rangQ from 0 02 4o
O.03 Hz on this d守 _ The frequency l)elow O.01 Hz is

(luぉi―DC,which is■ ot oul interest,alld we■ otice tlle

lact of sensitiviけof tht tteaASuring systein in tile fre―

quency range above O.1正 ネ 8o,our el■lphasis is placed

O n  t h e  F r e q u e n c y  r a n g e  b e t ャc e n  O ・0 1  H z  a l l d  O . l  H z . ヽマe
wili not deal with D com,onCntn becatise its variation
is nearly tile saine as that ttr H C。11lponellt,

Fig`2 11lustrates the tenlPoral evolution of KJLF wave

activity during thc whole pl点Od(unfOrtllnately llo mca

surement after the earthttuake t。17 Septcmber),tO―
8ether with that of geomヽ8netiぐactivity expressed by
EKp(daily Sum of3 hr Kp index).ヽ Ve hぉでdenlled tlle

index of ULF wave activity in tlle Following wayt B〕 r

iOOkin3 at the intenStt fllequency spectrum on ewry

dttr(as in Fig l),We estimlte the occurrellcc frequellc】

ofthe wa■re peaks exceedittg m+σ fOr both componellts

(H and Z)in the frequcncサrange from O.01 to O.05 Hz,
The criterioll of being actlve Or very activQ is whetiler

the bandwidth over which the intensiも'exceeds lllttσゃ

is less than or greater thall()ne half the above frequellcド

balldwidtil(001-0.05n,)11ldex l llldicates that ei―
ther one or both of thc twO COlnponents is active、■1ld

監 _ d _

Index 2 nleanS that either olle conlpollellt is wery actiヽで

ヽヽアhile,Index 4 corresl)ondS tO the sitilatioll that l)otll

of the two coniponents are very active. Baぉed on tlle

combined consideration of tile geonia8netic activity and

【チIフF wave activity in Fig.2,we have specined tile tinle

inter、ミs,l to 8. H18h ULF activity during the inter―

vais of lぅ2,3,4 and 8 is found to be clearly ttsociated

with the correspollding hi8h geomagnetic activity. Pos―

sible l」LF waves arollnd nlidnight and in tllis frequellcy

range arc Pi2 and Pc4(SaitO,1969)‐wlliCh are k■own

to closely related with gcoコnagnetic activity such tilat

they tend to occur oll the day of BI(p peak and persist

for a few successiw(SaitO子1969).Whilen thc period

5 16 geOmagnetically extrenlely quiet、but、ve ind hish

wave activity. This means that this ULF wぶ'c activ―

ity is■ot related to geoniagnetic activity,bllt lllight l)e

益sociatc(l with any other crect(lllight be earthqua障―

related). Vヽhile,the sitllation for the inter、ぶs6and 7

is difFerent froni the above―mentiolled intervaisi wc have

two ULF activities before and after the I)eat ill EXp

As is understood fronl the above‐mentiolled intervalsぅ

the high geomagnetic activity induces iligh ULF activ―

ity silnditaneously on the same d4y with a peak in EI(1)

and afterwards(or With some del守 ofthe order of a fcw

),but We llotice ULF activitt befOre tile peak in EKp‐
which is diとこcuit to understand tt a geoniagnetic efFect.

Hellcc‐it n■守 be possible that these two intervals are a

colnbination of the geoma81lCtic(spaCe pl益ma waves)

and non…geonlaglletic consequences
Fig。3 11lustrates the tenlporai vahation of the two

components(Z and豆 )during tile whole period.The
intehsity is integrated over four hours for each day lll

the salne fl・equcncy railge,and the intensity o■each(14y

is the average over± 2 days around that day Frtter―

Smith et al(1990)presented the intensiも′Of 011ly tllぐ

Z component foi the Loma Prieta earthqllake、 beforc

,vhich the geolllagnetic activity 、vtt quiet, However,

the temportt behttiors(H and Z)as ill Fig 3 callllot

Provide us with a■y essential features oll seisillo8eniぐ
enlisslons,、vithout any close conlparison with ΣI(p vari―

8総
・
温1督1暦bttf群祥鮮塩胡潜堺絹i8鳩

main sllocko So that,the vari4tion OfZ COniponellt(luぃ
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Figure 3. Telllporal evolll Of H(full line)alld Z

ng the whole period The
frequency ral18C‐ 001 ~

runlll■8 nlcall lS used.
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高ons of ttnospheic/nlagnetoSPhedc Onぶ ■ 価 遇 SdS―

IIlogenic elllissions,Fig 4 inus,rates the characteristics
of tilis ratio durin8 10W(b)(during the lllterva1 5)alld

晩 hい)律u五止8 the hter17als i and 2)geomagnedc ac‐
tivities` く)ne day resuit consisに50f8、アa11lcs、each value
correspondillg to the 良lndamゃ1lttt interval of 30 ■1111-
utest When there are wave iniendties in the血.equency

range of O.01 to O.05 Hz whsSe Z and H cOmponents

e x c e e d  t h e  c o r r e s p o l l d i n g  n lⅢ σぅwe e V d u a t e  t h e  r a ,
tお( Z / H )。V e r  t h O S e  i e q u e n c t t  r a l l g e s  a n d  w e  t t e r t t e

t h e  v t t u c s , w h i c h  i s  P 1 0 t t e d  t t  a  v a l u e  f O r  t h i t  3 0  m i n `

i n t e r輸1 . F o u r  t t e  t e n t a t i ( l y  c i l o s e n  f o r  t l l e  q u i e t ( b )

condition whOse EKp is less tlan 12 alld wllich is sup―

posedly seismogenic period,alld fOur witll high actiドity

鑑ぶctti押だ1桃を端∫告:楯品艦i艦粋
sidered to bo space waxres dur‖ng high 8eonlaglletic x・
tiVitt iS extremely sma11,On thゃOrder of O.2～0.3,wllile

器鮒登裾∫縄1撒t脳艦
This kind of peculiarity wtt s188ested for seislnogellic

emissiolls by KopyteIIkO et al。(1994),alid it iS Possiblc
tllat these emissiOns areぉs。3iated witll ealtllquatts(
or earthquakで sigllatures)   |

Fi8 5 i■ustrates the tenlporポ evoluti。1l of thc ratio、
Z/H durins tlle whole periOd.I The vallic fOr etth d打
is the tterage value of the ratil riinning during 5 dtts‐

and the genertt tendellcy is given in a full lille btted

掩鵠偉i簿21itす場デiti予l群払景ifi惜ど|1艦活撫酷
probable to be earthquaに,related

ol1 3 1cぉt squares nt.  As is easily understOOd fronl

this igure, the vttue itself is considerably redllced by

averaging as colllpared with thOse lll Fig.4 1t is clear

缶om this ngure↓hat tlle ra伍o of Z/H陶よes,8enerぷlL
a■l enhanced il"Qmum dllring a period starting in the

end of」une and this gettertt broad n瑯庫inlum is fOuェld
to persist for about 01le lnonth until the tinle of the

nlail1 6110Ck. Then, after the interl■littellt Obser、atioll

period after Septeinber 17,the ratiO is f0111ld tO be jllst
as before July.So,this bro誼■1誼 1■uIIェ11l Z/H801B
the end Of Julle to the tinle of the nlセull shock, 11labr
be a strong indication of inagnetic PrccitrsoFS Of the

eartilqua建. Unfortunetel〕i the statislical si31lincancc
of the brond nidttmulll canllot be assessed i〕ccause of
the liinitations Of the data to six■lonths of observations

Especinlly,the illtervals 5 and 6缶olll July 22 tO August

3 are seOlllagnetically very quiet,and sO the el■issiolls
duril18 theSe interwtts niay be earthquatte,related.Aiso,

a combined cOnsideratioll of Fig,5 and 2,nlight indicate

that the ULF wave activity ill the forlller h遍f of Jtly is
earthqtla縫―rela↓ed

F 1`8`6 11lustrates tile sequence of ULF 、vave spectra
d【lring the inter馬ミ 5,especially fronl」uly 21-27,、vhicll
is highly probable t0 1)e ULF sigllatures of the ealth―

quake ミ ミindicate tlle spectra(avera8e fOr each dtty)

o■ly fOr tlle Z cOnlponent H′hich is niOre illlpOrtallt for

seismogenic enlissiolls than the D cOnipollellt, As seell

fronl this flgure,the enlission can be considered to be of

a noise-like nature(betWeen two types(nOiSe_like alld

quasi―sinusoid組)by KopytellkO et alち (1994))and it is
dOmillantin the frequency range of O.ol_0.05 Hz` Tlle

ma&mum intensiけ in thiS flhequency rallge is fOund tO

be about O.1■1「.

E)iscuss10n

The princip組 ぷm of this paljcr is tO see whetller

there exists alv precursor tttivity of earthquatts(。 甘
ULF signatures)or not・ In the previOus studies iザ

Fl・aser―Sluith et遵.(1990)and MOlぐ hantt et組 .(1992),
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they have■ot treated theldata by sophisticated statis‐
tical analyses.We have nroposed ratller s01)histicated
data allalyses for the Guキm earthquatt on 8 Augllst,
1993, and, especiall〕与 wel haVe indicated that the po,

la五zation,or the ratio(ZttH)is of eSSential ilnportance
in distinguishing between the space plttnla walres and

other elnissions presumably ttSOCiated with the carth―

quake. The geomagneticipulsations during nighttinle
arc Pi2 and Pc4 and otコers, Which are k■Owi to l,c
usually H―polaized(StttO,1969).But,if the source of
el■issiO■s is situated undsr the sround、we ca■expect
the ratio(Z/H)≧1,WhiCh is fOund by Ko郎tentt et al.
(1994)using the experimlntal meas、 lrements and a150

by Molchantt and Hayattwa(1995)based On the tlleo‐

retical consideration.Theianalysis nlethod presented in
this report,would be very llseflli for the future analy―

ses even during the periods inClllding hi811 geonlagnetic
activitics, So,the import←nCe Of a n10re sophisticated

analysis based on muitipll neld componellts would be

emphasized(Htta臨 WVa et組.,1993).

We will summarizc the essential feat【ires of tile ULF

meぉ uremellt for tile Gulm earthquake.(1)A close

coriptttson betwecn the v4riatiOns EIt‐p and ULF wave
activit卜htt enabled us to卓istinsuish between tlle space

platsma waves and otiler eilliSSiOns(obViously not space
waves).(2)In additiOn,the tel.IPoral evolutttn of the
ratio(Z/H)during tlle wlole period,exllibits a brond
i n a x i m l l m  f r o n l  a b o u t  o n e  Ⅲo n t h  b e f o r e  t l l e  c a r t l l q u A 監

untよits main shOck.(3),ased oll tlle consideratiOns
(1),(2),the emissions obsettVed in July alld Allgust ulltil
tile m志■shock,migh↓ be ULF signatures of the eartil―

quake.(4)The intensity,f Z COmponent shows an en―
hancemellt(10d賀 ド～2 wleks),a subSequellt drop and

tile second peak a few days before the main shock.(5)

The emissions dilring theゃe perおds,are just iloise‐like
alld their frequency is doェトinant in the frequency range

(0.01～0・05 Hz),with m、Ximum intellsi守,～0・1 1lT
Vヽe try to compare these characteristics with the for―

lner resuits.Fratser―Sinitll lt al`(1990)have st18gested a

threshold ill magnitude for havills tlle ULF elllissiolls,

but Kopytenko ct al.(1994)hおe obSerwd seislllogcn(
ULF elnissiolls even for Ⅲoderate eartll■1latts,Tlle
nlagnitude of this Guallllearthquake is T。l stlch that

it is suttciently lar8e to Oxcite uLF elllissions.thou8h

its depth is decPer than the former large earthqtakes of
Spitak and Lcina Pricta. The diStance between the cPi‐

center and the neld site inlour cぉe is iess than a cl・itical

vatue of llXl k江1,which indicates a possibility of detecい
i n g  U L F  e m i s s i o n s  f o r  s u c t t  a  l a r g e  c a r t h q l l a t t  a s  i n  t h i s

paper,ぉbased on the eたperimelltal facls tt maser_
Smith et組。(1990,1994),IMolChan∝et al.(1992)and

Xo郎 tenko et胡。(1994)、nd on Our recent theoretic』
e s t i i n a t i O ■l j y  M o l c h a l i o v  l t 規。( 1 9 9 5 ) a l l d  M 0 1 d i a l i o v
and Httattwa(1995).Bゃed On the extensi、でuse ofthe
ratお(Z/H),We ttel that Ⅲ mtt be Mghtt POS車帆e br

us to distinguish between space waves and settlllogenic

emissio■s.In tile ca4se of Loma Pricta carthqu龍 ,the

geomagnetic activity waPsirelatively quiet(ΣKp<27)

(Frascr‐SIllith et al.、1990)lb【it Our period included sev―

cral geolllagnetic active plriOdS so that we had to dis―

tinguish bct、veen tile two.ThiS distinctio■might i)e

possible Ollly by the tlse of our sOphisticated data an劇―

ysis and the ratio(Z/H)・ly using this ratio,the elllis―
siolls durillg the period ofia little niore thall one nlollth

bofore the nlain shock mれy be cOncitlded to l)e atssO―
ciated with the earthqua【 .Also,the temporal vari,

ation of the Z compollenⅢ lぉ found tO be 、
アett siI■ilar

to that for the Loma Priota carthqua監 (mtter_S■lith

et al,Ⅲ1990),whiCh iS SuclesSfully interpreted in terins

of the spacc,time model lf l■ iCrofracture pro8ression

( M 。l d l a n o v  a l l d  H t t a ぬw l , 1 9 9 5 ) . T h e  e m i 鼓。1 1 6  d u r

ing thcintemas of5 and 6 are of acisy nature(fol10Wing

the deaniti。.。 f KowtenR‐ O et al.(1994))in the tte、

qllency range of O.01～ 0,05 Hz,at which the wav● 、vぉ

most intensive ttr the Loma Pricta carthqua隆 (FI・ぉer―

Smith et減 。,1990),For this earthqlla監 ぅMueiler alld

Johnston(1990)haVe not found all_v lllttnetic ndds i.

the frequellcy f< 10~311z, ■re believe that the reslllts

in this paper would Providc a convincillg evidellce oll

the presence of【JLF magnetic earthquahe sitttlatures.
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